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Description 

Held of the Invention 

5 This invention relates generally to the determination of the concentration of analytes in fluids and more 
specifically to an amperometric biosensor for use in such determinations. 

Background of the Invention 

io Biosensors are not new. Their use in the determination of concentrations of various analytes in fluids is 
also known. 

Nankai et al , WO 86/07632, published December 31, 1986, discloses an amperometric biosensor 
system in which a fluid containing glucose is contacted with glucose oxidase and potassium ferricyanide. 
The glucose is oxidized and the ferricyanide is reduced to ferrocyanide. (This reaction is catalyzed by 

75 glucose oxidase.) After two minutes, an electrical potential is applied and a current caused by the re- 
oxidation of the ferrocyanide to ferricyanide is obtained. The current value, obtained a few seconds after the 
potential is applied correlates to the concentration of glucose in the fluid. 

Because Nankai et al. discloses a method in which the reaction of glucose: and ferricyanide may run to 
completion prior to the application of an electrical potential, this method is refened to as the "eno^poinr 

20 method of amperometric determination. 

Nankai et al. discloses a system, wherein the glucose oxidase and potassium ferricyanide are held on a 
non-woven nylon mesh. The mesh is positioned so that it is in contact with a working electrode, a counter 
electrode and a reference electrode. The total surface area of the counter and reference electrodes is twice 
that of the working electrode. 

25 Wogoman , EP 0 206 218, published December 30, 1986 discloses a biosensor having two electrodes, 
the electrodes being made of different electrically conducting materials. For example, the anode is formed 
from an anode material; such as platinum, and the cathode is formed from a cathode material, such as 
silver. The anode is coated with an enzyme. In a preferred embodiment, the coated electrode is covered 
with an elastomer that is permeable to glucose. 

30 Pottgen et al ., WO 89/08713. published September 21. 1989, discloses the use of a two electrode 
biosensor, wherein the electrodes are made of the same noble metal, but one of the electrodes (referred to 
as a pseudo-reference electrode) is larger than the other (working) electrode. 

Conventional wisdom in the electrochemical arts suggests biosensors of the following types: 

1) a three electrode system, wherein a working electrode is referenced against a reference electrode 
35 (such as silver/silver chloride) and a counter electrode provides a means for current flow; 

2) a two electrode system, wherein the working and counter electrodes are made of different electrically 
conducting materials; and 

3) a two electrode system, wherein the working and counter electrodes are made of the same electrically 
conducting materials, but the counter electrode is larger than the working electrode. 

40 US-A-4,224,125 is directed to the special construction of a so-called enzyme electrode which is used as 
a working electrode in an electrochemical measuring system. According to figure 2 this system is a three 
electrode system necessarily comprising a reference electrode in addition to the working and a counter 
electrode. From figure 2 in connection with figure 1 it can be learned that the size of the winding counter 
electrode (10) is much larger than the size of the electron collector (2) in the enzyme electrode (7). i.e. in 

45 the working electrode. The reagents surrounding the working and counter electrode are not identical. II 
appears that nothing is said about the material of the counter electrode. 

US- A-4 ,758,323 is concerned with a multi-enzyme system which is used to measure electrochemically 
a substance which undergoes a sequence of enzymatically catalyzed reactions. As far as the electrode 
system is described one may learn that a two electrode system consisting of working and reference 

so electrode, especially a saturated calomel electrode (SCE) is used (see e.g. column 4. lines 61-66; column 5, 
lines 24/25; column 6, lines 21/22 and lines 48-52). The reagents with which these electrodes are in contact 
are not identical. Furthermore no counter electrode seems to be mentioned. 

US- A- 4, 830,959 teaches a method and system for detecting enzymatic activity. The method comprises 
using a redox enzyme and redox substrate to detect conversion in an assay of a non-mediating compound 

55 to an eflective mediator by an assay enzyme label. The electrode system used appears only to be 
described in the examples. There (examples 3, 5 and 7) always three electrode systems are taught 
comprising working, counter and reference electrodes. All electrodes are made of different materials. 
Nothing appears to be said about the relative sizes of the electrodes. 
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Conventional wisdom in the electrochemical arts does not suggest that a biosensor could include a two 
electrode system, wherein the working and counter electrodes are* substantially the same size (or wherein 
the counter electrode is smaller than the working electrode) and made of the same electrically conducting 
material. 

Summary of the Invention 

The invention is a new biosensor (an electrochemical device) and method of its use. The biosensor 
includes working and counter electrodes of substantially the same size, made of the same electncally 
conducting material, and affixed to a first electrical insulator. Overlaying the electrodes is a second electrical 
insulator that includes a cutout portion that exposes substantially equal surface areas of the working and 

counter electrodes. . . - . 

A reagent is added to the cutout portion. The reagent substantially covers the exposed electrode 
surfaces in the cutout portion and includes a redox mediator, an enzyme and a buffer. 

When a sample containing an analyte is added to the reagent, the analyte. enzyme, and the redox 
mediator participate in a reaction, wherein the redox mediator is either reduced (receives at least one 
electron) or is oxidized (donates at least one electron). Usually, in this reaction, the analyte is oxidized and 
the redox mediator is reduced. After this reaction (wherein analyte is oxidized and redox mediator is 
reduced) is complete, an electrical potential difference is applied between the electrodes. The amount of 
oxidized form of the redox mediator at the counter electrode and the applied potential difference must be 
sufficient to cause diffusion limited electrooxidation of the reduced form of the redox mediator at the surface 
of the working electrode. After a short time delay, current produced by the electrooxidation of the reduced 
lorm of the redox mediator is measured and the observed current is correlated to the amount of the analyte 

in the sample. • ■ . 

Importantly, only two electrodes of substantially the same size and made of the same electncally 
conduc ting material are required when the reagent includes a sufficient amount of the oxidized form of the 
redox mediator to insure that the current produced during electrooxidation is limited by the oxidation of the 
reduced form of the redox mediator at the working electrode surface. 

For current produced during electrooxidation to be limited by the oxidation of the reduced form of the 
redox mediator at the working electrode surface, the amount of oxidized form of the redox mediator at the 
surface of the counter electrode must always exceed the amount of reduced form of the redox mediator at 
the surface to the working electrode. 

Brief Description of the Drawings 

FIG. 1 is a schematic top view of a preferred embodiment of the inventive biosensor, excluding reagent 
and mesh covering. 

FIG. 2 is a schematic elevation of the inventive biosensor of FIG. 1 along lines 2-2, and including 
reagent and mesh covering. ■ 

FIG. 3 is a schematic top view of a preferred embodiment of the inventive biosensor, including mesh 

covering. 

Detailed Description of the Invention 

Referring more specifically to FIGS. 1 through 3, there is shown the presently preferred embodiment of 
the biosensor of the present invention. 

Biosensor t comprises first and second electrically insulating layers 2 and 3. respectively. Any useful 
insulating material will be suitable. Typically, plastics, such as vinyl polymers and polyimides provide the 
electrical and structural properties which are desired. 

The biosensor shown in FIGS. 1 through 3 is intended to be mass produced from rolls of material, 
necessitating the selection of a material which is sufficiently flexible for roll processing and at the same time 
sufficiently stiff to give a useful stiffness to the finished biosensor. 

Layers 2 and 3 may be of any useful thickness. In a prelerred embodiment, layer 2 is about 360 
microns thick and layer 3 is about 250 microns thick. 

Working electrode 4 and counter electrode 5 are preferably deposited on a backing of insulator material 
7 such as polyimide, to reduce the possibility of tearing the electrode before it is affixed to layer 2. 
Working electrode 4 and counter electrode 5 are substantially the same size and are made of the same 
electrically conducting material. Examples of electrically conducting materials that may be used are 
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palladium, platinum, gold, silver, carbon, titanium, and copper. Noble metals are preferred because they 
provide a more constant, reproducible electrode surface area. Palladium is particularly preferred because it 
is one of the more difficult noble metals to oxidize and because it is a relatively inexpensive noble metal. 
Silver is not preferred because it is more readily oxidized by air than the other noble metals listed above. 
5 Preferably, electrodes 4 and 5 are about 0.1 micron thick and backing 7 is about 25 microns thick 
(commercially available from Courtalls-Andus Performance Films in California and Southwall Technologies, 
Inc.) (Bg. 2). 

Electrodes 4 and 5 must be sufficiently separated so that the electrochemical events at one electrode 
do not interfere with the electrochemical events at the other electrode. The preferred distance between 
70 electrodes 4 and 5 is about .1 Z millimeters (mm); 

In the preferred embodiment, electrodes 4 arid 5, affixed to backing 7, are unspooled from reels and 
attached to layer 2 by the use of hot melt adhesive (not shown). Electrodes 4 and 5 also preferably extend 
from one end of layer 2 to the other end in parallel configuration. (Rg. 1). 

Insulating layer 3 is fixed on top of layer 2 and electrodes 4 and 5 by the use of hot melt adhesive (not 
75 shown). Layer 3 includes cut out portion 8, which defines reagent well 9 and exposes substantially equal 
surface areas 10 of electrodes 4 and 5. 

In the preferred embodiment, cutout 8 is 4 mm by. 6 mm and electrodes 4 and 5 are each 1.5 mm in 
width! Therefore, a surface area of about 6 mm 2 is exposed for each of the two electrodes. 

Biosensor 1 also includes a power source (not shown) in electrical connection with the working and 
20 counter electrodes and a current measuring meter (not shown) which is also in electrical connection with the 
working and counter electrodes. 

Biosensor reagent 11 (Fig. 2) is placed in well 9 so that it covers substantially all of exposed surfaces 
10 of electrodes 4 and 5 and preferably covers the exposed surface of layer 2 between the electrodes. 

At a minimum, reagent 11 includes the oxidized form of a redox mediator, an enzyme, and a buffer. 
25 The oxidized form of the redox mediator must be of sufficient type to receive at least one electron from a 
reaction involving enzyme, analyte, and oxidized form of the redox mediator. (The term redox mediator 
means a mediator that is capable of undergoing an electrochemical, reversible oxidation- reduction reaction.) 
The enzyme must be of sufficient type and in sufficient amount to catalyze the reaction involving enzyme, 
analyte and oxidized form of the redox mediator. The buffer must be of sufficient type and in sufficient 
30 . amount to provide and maintain a pH where the enzyme catalyzes the reaction involving enzyme, analyte 
and oxidized form of the redox mediator. 

Generally, when a sample containing the analyte is added to the reagent, the analyte is oxidized and 
the oxidized form of the redox mediator is reduced as shown below: 

enzyme 

redox mediator > 

(oxidized form) 

40 analyte + redox mediator 

(oxidized form) (reduced form) 

The reaction shown above is permitted to go to completion. (Completion is defined as sufficient reaction 
45 involving analyte, enzyme, and redox mediator (oxidized form), to correlate analyte concentration to diffusion 
limited current generated by oxidation of the reduced form of the redox mediator at the surface of the 
working electrode.) After reaction is complete, a power source (e.g., a battery) applies a potential difference 
between the electrodes. When the potential difference is applied, the amount of oxidized form of the redox 
mediator at the counter electrode and the potential difference must be sufficient to cause diffusion limited 
50 electrooxidation of the reduced form of the redox mediator at the working electrode surface. The diffusion 
limited current generated by the oxidation of the reduced form of the redox mediator at the working 
electrode suriace is measured by a current measuring meter. 

The measured current may be accurately correlated to the concentration of analyte in the sample when the 
lollowing requirements are satisfied: 
55 1) the rate of oxidation of the reduced form ot the redox mediator is governed by the rate of diffusion of 
the reduced form of the redox mediator to the surface ot the working electrode; and 

2) the current produced is limited by the oxidation of the reduced form of the redox mediator at the 
suriace of the working electrode. 



analyte + 
(reduced form) 



5 



EP 0 505 494 B1 



In the present inventive device, these requirements are satisfied by employing a readily reversible 
redox mediator and by supplying reagent 11 with. the oxidized form of the redox mediator in an amount 
sufficient to insure that the current produced during, diffusion limited electrooxidation is limited by the 
oxidation of the reduced form of the redox mediator at the working electrode surface. For current produced 
5 during electrooxidation to be limited by the oxidation of the reduced form of the redox mediator at the 
working electrode surface, the amount of oxidized form of the redox mediator at the surface of the counter 
electrode must always exceed the amount of the reduced form of the redox mediator at the surface of the 
working electrode. 

Importantly, when the reagent includes an excess of the oxidized form of the redox mediator as 
jo described below, the working and counter electrodes may be substantially the same size as well as made 
of the same electrically conducting material. The ability to utilize electrodes that are substantially the same 
size and made of the same material represents an important advantage for manufacturing a biosensor. 
A further requirement of the reagent is that the buffer employed must have a higher oxidation potential 

than the reduced form of the redox mediator. 

is The type of enzyme used will depend upon the analyte to be measured. For example, if glucose is the 
analyte to be measured, glucose oxidase may be used as the enzyme. If cholesterol is the analyte to be 
measured, cholesterol oxidase may be used as the enzyme. 

As explained above, the redox mediator must be readily reversible and the oxidized form of the redox 
mediator must be of sufficient type to receive at least one electron from the reaction involving enzyme, 
20 analyte, and oxidized form of the redox mediator. For example, when glucose is the analyte to be measured 
and glucose oxidase is the enzyme, ferricyanide or quinone may be the oxidized form of the redox 
mediator. . 

Other examples of enzymes and redox mediators (oxidized form) that may be used in measuring 
• particular analytes by the present invention are listed below in Table 1. 

25 



50 



55 
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In some of the examples shown in Table 1, at least one additional enzyme is used as a reaction 
catalyst. Also, some ol the examples shown in Table 1 may utilize an additional mediator, which facilitates 
electron transfer to the oxidized form of the redox mediator. The additional mediator may be provided to the 
reagent in lesser amount than the oxidized form of the redox mediator. 



7 



EP 0 505 494 B1 



The amount of enzyme included in the reagent may vary depending upon the time period desired for 
completion of the reaction involving analyte, enzyme, and oxidized form of the redox mediator. The more : 
enzyme added, the shorter the time period for completion of the reaction. When a glucose reagent includes 
glucose oxidase, more than about 0.5 million units of glucose oxidase per liter of reagent (referring to the 

5 reagent composition before being dried on the electrode surfaces) should be used in the reagent, and 
preferably about 2 million units of glucose oxidase per liter of reagent is used. Below about 0^5 million units 
per liter of reagent, assay performance is poor. About 2 million units of glucose oxidase per liter of reagent 
provides a reagent that will achieve completion of the reaction involving glucose, glucose oxidase, and 
ferricyanide within about 20 seconds, a conveniently short time period for the reaction. Above about 2 

w million units of glucose oxidase per liter of reagent, the reagent is needlessly more expensive. to produce. 
(These amounts of glucose oxidase refer to the reagent composition before it is dried onto the electrode 
surfaces.) 

The actual amount of oxidized form of the redox mediator needed in the reagent is governed by the 
concentration range of the analyte sought to be measured. The reagent for analyzing glucose (described 

75 herein) includes sufficient redox mediator (oxidized form) to measure the glucose level in a sample of 
human whole blood from about 10 to about 70 microliters (ul) in volume. The reagent must be provided 
with enough of the oxidized form of the redox mediator so that when the potential difference is applied 
between electrodes 4 and 5, the amount of oxidized form of the redox mediator at the surface of the. 
counter electrode exceeds the amount of reduced form of the redox mediator at the working electrode. 

20 The upper limit of the amount of redox mediator (oxidized form) will usually depend on the mediator's 
solubility and dispersion properties in the reagent. The reagent for the present invention, exemplified by a 
biosensor for the assay of glucose, preferably includes a microcrystalline material of sufficient type and in 
sufficient amount to disperse the redox mediator in the reagent. 

Examples of microcrystalline materials that will disperse the redox mediator are microcrystalline 

25 cellulose, dextrans, and chitin. The amount of microcrystalline material included in the preferred glucose 
reagent, which includes glucose oxidase and potassium ferricyanide, is from about 1% (weight:volume) to 
about 4.5% (weightrvolume). and is preferably about 1.5% (weightrvolume). Below about 1% 
(weightrvolume) microcrystalline material, the reagent will fall off of the electrode surfaces after drying. 
Above about 4.5% (weightrvolume) microcrystalline material, the reagent gels. For a glucose reagent that 

do includes ferricyanide and glucose oxidase, the preferred microcrystalline material is a combination of 
AVICEL® RC-591F (a micro-crystalline cellulose available from FMC Corp.) and NATROSOL® 250 M (a 
micro-crystalline hydroxyethylcellulose available from Aqualon). The amount of AVICEL in the reagent may 
range to from about 1% to about 4.2 % (weightrvolume) and is preferably about 1.4% (weightivolume). The 
amount of NATROSOL in the reagent may range from about 0% to about 0.3% (weightivolume) and is 

35 preferably about 0.06% (weightrvolume). (These percentages refer to the reagent composition before it is 
dried onto the electrode surfaces.) 

When AVICEL® and NATROSOL® are added to the reagent, in the ranges stated above, the amount of 
potassium ferricyanide that may be incorporated into the reagent may range from about 0.15 molar (M) to 
about 0.7. M, and is preferably about 0.3 M. When the concentration of ferricyanide is below about 0.15 M 

40 and above about 0.7 M, performance of the biosensor decreases: (These molarities refer to the reagent 
composition before it is dried onto the electrode surfaces.) 

The reagent also preferably includes a surfactant of sufficient type and in sufficient amount to wet a 
sample containing the analyte to be measured. For example, in a reagent for analyzing a sample of human 
whole blood containing glucose, the surfactant is preferably a nonionic surfactant. From about 0% 

45 (weightrvolume) to about 0.3% (weightrvolume) surfactant may be present in the reagent. Above about 0.3% 
(weightrvolume) surfactant, red blood cells begin to hemolyze. The preferred surfactant in the glucose 
reagent is TRITON®X-100 (available from Sigma Chemical Corporation) at a preferred concentration of 
about 0.05% (weightrvolume j. (Percentages refer to the reagent composition before it is dried onto the 
electrode surfaces.) 

so Any buffer that satisfies the above-stated requirements of providing a satisfactory pH tor enzyme 
function and having a higher oxidation potential than the reduced form of the redox mediator may be used. 

Examples of such buffers for a glucose reagent utilizing the enzyme glucose oxidase include phos- 
phate, citrate (citrate also helps stabilize the reagent), "Good" buffers (e.g., 2-(N-rnorpholino) ethanesulfonic 
acid, N-(2-acetamido)-2-iminodiacetic acid, piperazine- N^-bis (2-ethanesullonic acid), N-(2- acetamido)-2- 

55 aminoethanesulfonic acid, N,N-bis (2-hydroxyethyl)-2-aminoethanesulfonic acid, N- tris (hydroxymethyl)- 
methyf-2-arninoethanesullonic acid, and N-2-.hydroxyelhylpiperaz»ne - N' - 2- ethanesulfonic acid, and Tris 
buffers (buffers derived from 2-amino- 2 (hydroxymethyl) -1,3 - propanediol). ("Good" and Tris buffers are 
available from Sigma Chemical Company.) Imidazole should not be used as a buffer. These buffers may be 
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used to provide a preferred pH range from about 4 to about 8. The most preferred pH range is from about 6 
to about 7. The most preferred buffer is phosphate (e.g., potassium phosphate) from about 0.1 M to about 
0.5 M and preferably about 0.4 M. (These concentration ranges refer to the reagent composition before it is 
dried onto the electrode surfaces.) 
s The reagent preferably further includes a reagent stabilizer of sufficient type and in sufficient amount to 
stabilize the reagent. The reagent stabilizer stabilizes the enzyme, and for a glucose reagent containing 
glucose oxidase, the reagent stabilizer may be selected from a group consisting of glutamate, aspartate, 
blue dextran and trehalose, the preferred reagent stabilizer for a reagent containing glucose oxidase is 
glutamate (e.g., potassium glutamate) at a concentration range from about 0 % (weightrvolume) to about 4% 
w (weighfcvolume), with the preferred amount being about 2% (weightrvolume). (These percentages refer to 
the reagent composition before it is dried onto the electrode surfaces.) 

A protocol for making the preferred glucose reagent utilizing the enzyme glucose oxidase and 
ferricyanide as the oxidized form of the redox mediator is as follows: 

Step 1- Prepare 1 liter (in a volumetric flask) of a buffer/NATROSOL® mixture by adding 1.2000 grams 
15 (g) NATROSOL®250 M to 0.740 M aqueous potassium phosphate buffer (including 80.062 g monobasic 
potassium phosphate and 26.423 g dibasic potassium phosphate) at pH 6.25. Allow the NATROSOL®to 
stir and swell for 3 hours. 

. Step 2- Prepare an AVICEL mixture by stirring 14.0000 g AVICEL<§>RC-591 F and 504.7750 g water for 
20 minutes. 

20 Step 3- Prepare a TRITON® mixture by adding 0.5000 g TRITON®X-100 to 514.6000 g of the 
buffer/NATROSOL®mixture and stir for 15 minutes. 

Step 4- While stirring, add the total TRITON® mixture dropwise with a dropwise addition funnel or buret 
to the total AVICEL®mixture. Once addition is complete, continue stirring overnight. 
Step 5- To the mixture resulting from Step 4, add, while stirring, 98.7750 g potassium ferricyanide. (Add 
25 a little potassium ferricyanide at a time to allow the potassium ferricyanide to dissolve as added.) 
Step 6- Stir the resulting mixture of Step 5 for 20 minutes. 

Step 7- Adjust the pH of the mixture resulting from Step 6 to 6.25 by adding potassium hydroxide. 
Step 8- To the resulting mixture of Step 6 add 9.1533 g glucose oxidase (218.50 units per milligram (mg) 
. from Biozyme) and stir at least 20 minutes. 
30 Step 9- To the resulting mixture of Step 8 add 20 g potassium glutamate and stir at least 20 minutes. 

Step 10- Filter the resulting mixture of Step 9 through a 100 micron sieve bag to remove any AVICEL 
clumping. The filtrate is the resulting reagent composition, which is added to the electrode surfaces and 
is then dried. 

In the preferred embodiment for glucose determination, 6 microliters (ul) of reagent made by the 

35 above-stated protocol is added to well 9 formed by cutout 8. This amount of reagent 11 will substantially 
cover surface areas 10 on both electrodes (Figs. 1 and 2) and will also contain a sufficient amount of 
ferricyanide, and a sufficient amount of enzyme (glucose oxidase) to catalyze the oxidation of glucose (from 
a sample of human whole blood) and the reduction of ferricyanide to completion within about 20 seconds. 
Reagent 11 is then dried by heating at about 50* C for about 3 minutes. Drying removes at least about 

40 90% of the water content of the reagent, thereby resulting in a preferred dried reagent with the following 
proportions of components: from about 0.8 to about 1.0 millimoie (mmol) ferricyanide per gram of dried 
reagent; from about 1,300 to about 1,700 units of glucose oxidase per gram of dried reagent, assuming 
75% loss of enzyme activity (an unusually high loss of enzyme activity) from reagent drying, from about 
5,000 to about 6,400 units of glucose oxidase per gram of dried reagent, assuming a more typical 6% loss 

45 of enzyme activity from reagent drying, and from about 5,400 to about 6,800 units of glucose oxidase per 
gram of dried reagent, assuming no loss of enzyme activity from reagent drying; from about 1 .0 to about 
1.3 m mol phosphate buffer per gram of dried reagent; from about 1.6 to about 2.1 milligrams (mg) 
NATROSOL-250 M per gram of dried reagent and from about 38 to about 48 mg AVICEL RC-591 F per 
gram of dried reagent (a total of from about 52 to about 74 mg microcrystalline material per gram of dried 

so reagent); from about 71 to about 102 mg glutamate per gram of dried reagent; and from about 2 to about 3 
mg TRITON©X-100 per gram of dried reagent. 

As stated above, each component of the formulated reagent (before drying) may vary within the 
disclosed limits. Therefore, a glucose reagent dried as above may include the following broader ranges of 
components: from about 0.55 to about 3.5 m rnol ferricyanide per gram of dried reagant; more than about 

55 570 units of glucose oxidase per gram of dried reagent, assuming a 75% loss of enzyme activity, (an 
unusually high toss of enzyme activity) from reagent drying, and more than about 2100 units of glucose 
oxidase per gram of dried reagant, assuming a more typical 6% loss of enzyme activity from reagent 
drying; from about 0.35 to about 2.6 m mol phosphate per gram of dried reagent; from about 0 to about 15 
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mg NATROSOL®250 M per gram of dried reagent and from about 36 to about 213 mg AVICEL®RC-591 F 
per gram of dried reagent ( a total of from about 36 to about 228 mg microcrystalline material per gram of 
dried reagent); from about 0 to about 200 mg gtutamate per gram of dried reagent; and from about 0 to 
about 1 8 mg TRIT0N®X-1 00 per gram of .dried reagent. 

After drying, a polyester or nylon mesh 13 (Figs: 2 and 3) is preferably placed on top of the dried 
reagent to aid in preventing loss of reagent from the biosensor during shipping and handling and to aid in 
minimizing human contamination from the reagent. Mesh 13 is affixed to the inventive device by adhesive 
tape 14. which includes hole 15. (Figs 2 and 3) Hole 15 is the target area for adding a sample containing an 
analyte to be measured by the inventive device. (Fig. 3) 

After drying the reagent and affixing the mesh, the roll-formed biosensors are separated by die 
punching to form discrete biosensors, which are used in conjunction with 1) a power source in electrical 
connection with the working and counter electrodes and capable of supplying an electrical potential 
difference between the working and counter electrodes sufficient to cause diffusion limited electrooxidation 
of the reduced form of the redox mediator at the surface of the working electrode, and 2) a meter in 
electrical connection with the working and counter electrodes and capable of measuring the diffusion limited 
current produced by oxidation of the reduced iorm of the redox mediator when the above-stated electrical 
potential difference is applied. 

The meter described above will normally be adapted to apply an algorithm to the current measurement, 
whereby an analyte concentration is provided and visually displayed. Improvements in such a power source 
and meter are the subject of commonly assigned U.S. Patent Number 4,963,814 (issued October 16, 1990), 
and U.S. Patent No. 4,999,632, U.S. Patent No. 4,999,582 and U.S. Patent No. 5,243,516. 

For easy electrical connection of the power source and meter, additional cutout portion 12 (Figs. 1 
through 3), exposing portions of the working and counter electrodes, are preferably provided in the 
biosensor device. 

The biosensor device described above may be used to determine the concentration of an analyte in a 
fluid sample by performing the following steps: 

a) contacting the fluid sample with a reagent (described above) that substantially covers substantially 
equal surface areas, of working and counter electrodes; 

b) allowing the reaction between the analyte and the oxidized form of the redox mediator to go to 
completion; • 

c) subsequently applying, a potential difference, between the electrodes sufficient to cause diffusion 
limited electrooxidation of the reduced form of the redox mediator at the surface of the working 
electrode; 

d) thereafter measuring the resulting diffusion limited current; and 

e) correlating the current measurement to the concentration of analyte in the fluid. 

Many analyte-containing fluids may be analyzed. For example, analytes in human body fluids such as 
whole blood, blood serum, urine and cerebrospinal fluid may be measured. Also, analytes found in 
fermentation products and in environmental substances, which potentially contain environmental con- 
taminants, may be measured. 

When measuring analytes found in human body fluids, especially whole blood, the potential difference 
applied between the electrodes should be no more than about 500 millivolts. When a potential difference 
above about 500 millivolts is applied between the electrodes, oxidation of the working electrode surface (for 
palladium) and of some blood components can become intolerable, thereby preventing an accurate and 
precise correlation of current to analyte concentration. For an assay of glucose in a whole blood sample, 
wherein the oxidized form of the redox mediator is ferricyanide, a potential difference from about 150 
millivolts to about 500 millivolts may be applied between the electrodes to achieve diffusion limited 
electrooxidation of the reduced form of the redox mediator at the surface of the working electrode. 
Preferably, about 300 millivolts potential difference is applied between the electrodes. 

Current generated from the oxidation of the reduced form of the redox mediator may be measured at 
any time from about 0.5 seconds to about 30 seconds after the potential difference is applied between the 
electrodes. At less than about 0.5 seconds, diffusion limited current has not been achieved. After about 30 
seconds, convection becomes significant, thereby interfering with the measurement of a diffusion limited 
current. Preferably, current is measured at about 10 seconds after the potential difference is applied 
between the electrodes, and the measured current is correlated to the concentration of analyte in the 
sample. 

In the preferred method tor analysis of glucose from a sample of human whole blood, 20 ul of whole 
blood is added to the above-stated preferred glucose reagent. The reaction of glucose and ferricyanide is 
allowed to go to completion, thereby forming gluconic acid and terrocyanide. This reaction normally 
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requires a short time to go to completion, and in the preferred embodiment, the reaction goes to completion 
in less than about 20 seconds. About twenty seconds after addition of the whole blood sample, a potential 
difference of about 300 . millivolts is applied between the electrodes, thereby oxidizing ferrocyanide to 
ferricyanide at the surface of the working electrode. About 10 seconds after the potential difference is 
5 applied to the electrodes, current is measured and correlated to the concentration of glucose in the blood 
sample. 

The glucose concentration of a sample may be accurately and precisely measured by the present 
inventive method utilizing the present inventive biosensor. Further, when a sample of human whole blood is 
measured, error due to hematocrit effect is insignificant. 
70 As a variation of the present invention, the counter electrode could be smaller than the working 
electrode. When the counter electrode is smaller than the working electrode, the amount of oxidized form of 
the redox mediator supplied to reagent 11 must be increased. The amount of oxidized form of the redox 
mediator in reagent 11 must be increased because the above-stated requirements for accurately correlating 
concentration of the analyte to current must be satisfied; that is, 
75 1) the rate of oxidation of the reduced form of the redox mediator is governed by the rate of diffusion of 
the reduced form of the redox mediator to the surface of the working electrode; and 
2) the current produced is limited by the oxidation of the reduced form of the redox mediator at the 
surface of the working electrode. 
For example, it has been shown that when the counter electrode is about half the size of the working 
20 electrode, a mixture of about 2700 nanomoles (nmol) of ferricyanide and about 900 nmol of ferrocyanide 
(dissolved in 20 ul of water) satisfied the requirements stated above. . 

Also, the present invention has been illustrated by analytes that are oxidized and redox mediators that 
are reduced in the presence of a catalytic amount of enzyme. However, the present inventive device, 
reagents and methods may also be used to measure the concentration of an analyte in a fluid sample, 
25 . wherein the analyte is reduced and the reduced form of a redox mediator is oxidized in the presence of a 
catalytic amount of an enzyme (e.g., a reductase). After the reaction involving analyte, enzyme, and 
reduced form of the redox mediator reaches completion, a potential difference is applied between the 
electrodes. The amount of reduced form of the redox mediator at the counter electrode (in this case an 
anode rather than a cathode) and the applied potential difference must be sufficient to cause diffusion 
ao limited electroreduction of the oxidized form of the redox mediator at the Surface of the working electrode 
... (in this case a cathode rather than an anode). The diffusion limited current generated by reduction of the 
oxidized form of the the redox mediator at the working electrode surface is correlated to the concentration 
of analyte in the sample being analyzed. 

The redox mediator must be readily reversible and the amount of reduced form of the redox mediator in 
35 reagent 11 must be sufficient . to insure that the current produced during electroreduction is limited by the 
reduction of the oxidized form of the redox mediator at the working electrode surface. 

The buffer must also have a lower reduction potential than the reduction potential of the oxidized form 
of the redox mediator and must be of sufficient type and in sufficient amount to provide and maintain a pH 
at which the enzyme catalyzes the reaction involving analyte, enzyme and the reduced form of the redox 
40 mediator. These and other requirements are analogous to those for measuring. an analyte that is oxidized 
rather than reduced. 

The present invention has been disclosed in the above teachings and drawings with sufficient clarity 
and conciseness to enable one skilled in the art to make and use the invention, to know the best mode tor 
carrying out the invention, and to distinguish it from other inventions and from what is old. 

. 45 • 

Claims 

1. A device for analyzing an analyte, comprising: 
a. a first electrical insulator; 

50 b. a pair of electrodes consisting of working and counter electrodes of substantially the same size or 

of a working electrode and a counter electrode that is smaller than the working electrode, the 
electrodes being made of the same electrically conducting materials and being supported on the 
first electrical insulator; 

c. a second electrical insulator, overlaying the first electrical insulator and the electrodes and 
55 including a cutout portion that exposes substantially equal surlace areas of the working and counter 

electrodes or a smaller surlace area of the counter electrode than the working electrode; and 

d. a reagent, substantially covering the exposed electrode surfaces in the cutout portion and 
comprising the a) oxidized or b) reduced lorm of a redox mediator, an enzyme, and a buffer. 



11 



EP 0 505 494 B1 



the a) oxidized or b) reduced form of the redox mediator being of sufficient type a) to receive or b) 
to donate at least one electron from a reaction involving enzyme, analyte, and a) oxidized or b) 
reduced form of the redox mediator and being in sufficient amount to insure that current produced 
by diffusion limited a) electrooxidation or b) electroreduction is limited by a) the oxidation of the 
5 reduced form or b) the reduction of the oxidized form of the redox mediator at the working. electrode 

surface, 

the enzyme being of sufficient type and in sufficient amount to catalyze the reaction involving 
enzyme, analyte and a) oxidized or b) reduced form of the redox mediator, and 
the buffer having a) a higher oxidation potential than the reduced form of the redox mediator or b) 
;p having a lower reduction potential than the oxidized form of the redox mediator and being of 

sufficient type and in sufficient amount to provide and maintain a pH at which the enzyme catalyzes 
the reaction involving enzyme, analyte and a) oxidized or b) reduced form of the redox mediator. 

2. The. device of claim t, wherein the reagent further comprises a microcrystalline material of sufficient 
;s type and in sufficient amount to disperse the redox mediator in the reagent. 

3. The device of claim 1, wherein the reagent further comprises at least one additional enzyme and an . 
additional redox mediator. 

20 4. The device of claim 1, wherein the electrically conducting material of the working arid counter 
electrodes is selected from a group consisting of palladium, platinum, gold, silver, titanium, copper and 
carbon. 

5. The device of claim 2, wherein the reagent further comprises a surfactant of sufficient type and in 
25 sufficient amount to aid in wetting the reagent by a fluid sample containing the analyte. 

6^ The device of claim 5, wherein the reagent further comprises a reagent stabilizer of sufficient type and 
in sufficient amount to stabilize the reagent. 

30 7. The device of claim 1, wherein the analyte is glucose, the oxidized form of the redox mediator is 
ferricyanide, and the enzyme is glucose oxidase: 

8. The device of claim 2, wherein the analyte is glucose, the oxidized form of the redox mediator is 
ferricyanide and the enzyme is glucose oxidase. 

35 

9. The device of claim 6, wherein the analyte is glucose, the oxidized form of the redox mediator is 
ferricyanide; the buffer is phosphate, the microcrystalline material includes microcrystalline cellulose 
and microcrystalline hydroxy ethylcellu lose, the enzyme is glucose oxidase, the surfactant is a non-ionic 
surfactant and the reagent stabilizer is selected from a group consisting of glutamate, aspartate, blue 

40 dextran and trehalose. 

10. The device of claim 1, wherein the pair of electrodes is made of palladium and the reagent comprises 
for the analysis of glucose: 

1) from about 1.1 to about 1.5 millimoles ferricyanide per gram of reagent, 
45 2) from about 1 .3 to about 1 .9 millimoles phosphate buffer per gram of reagent, 

3) from about 2,300 to about 10,400 units of glucose oxidase per gram of reagent, 

4) from about 50 to about 71 milligrams microcrystalline cellulose per gram of reagent, 

5) from about 2 to about 3 milligrams microcystalline hydroxyethylcellulose per gram of reagent, 

6) from about 2 to about 3 milligrams non-ionic surfactant per gram of reagent, and 
so 7) from about 71 to about 102 milligrams glutamate per gram of reagent. 

11. The device of claim 1, further comprising: 

e. a power source in electrical connection with the working and counter electrodes and capable of 
supplying an electrical potential difference between the working and counter electrodes sufficient to 
55 cause a) diffusion limited electrooxidation of the reduced lorm of the redox mediator at the surface 

of the working electrode or b) diffusion limited electroreduction of the oxidized form of the redox 
mediator at the surface of the working electrode: and 
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f. a meter in electrical connection with the working and counter electrodes and capable of measuring 
the diffusion limited current produced by a) the oxidation of the reduced form or b) the reduction of 
the oxidized form of the redox mediator at the working electrode surface. 

12. The device of claim 7, further comprising: 

e. a power source in electrical connection with the working and counter electrodes and capable of 
supplying an electrical potential difference between the working and counter electrodes sufficient to 
cause diffusion limited electrooxidation of the reduced form of the redox mediator at the surface of 
the working electrode; and 

f. a meter in electrical connection with the working and counter electrodes and capable of measuring 
the diffusion limited current produced by the oxidation of the reduced form of the redox mediator at 

. the working electrode surface. 

1a The device of claim 10, wherein the second electrical insulator further includes an additional cutout 
portion exposing portions of the working and counter electrodes, and the device further comprises: 

e. a power source in electrical connection with the working and counter electrodes at the additional 
cutout portion, the power source being capable of supplying an electrical potential difference 
between the working and counter electrodes sufficient to cause diffusion limited electrooxidation of 
the reduced form of the ferricyanide at the surface of the working electrode; and 

f. a meter in electrical connection with the working and counter electrodes and capable of measuring 
the diffusion limited current produced by the oxidation for the reduced form of the ferricyanide at the 
working electrode surface. 

.14. A reagent incorporated into the cut-out portion of an electrochemical device according to one of the 
preceeding claims comprising: 

a) the oxidized or b) reduced form of a redox mediator, an enzyme, and a buffer, 

the a) oxidized or b) reduced form of the redox mediator being of sufficient type to a) receive or b) 

donate at least one electron from a reaction involving enzyme, analyte and a) oxidized or b) reduced 

form of the redox mediator and being in sufficient amount to insure that current produced by 

diffusion limited a) electrooxidation or b) electroreduction is limited by a) the oxidation of the 

reduced form or b) the reduction of the oxidized form of the redox mediator at the working electrode 

surface, 

the enzyme being of sufficient type and in. sufficient amount to catalyze the reaction involving 
enzyme, analyte, and a) oxidized or b) reduced form of the redox mediator; and 
the buffer having a) a higher oxidation potential than the reduced form or b) a lower reduction 
potential than the oxidized form of the redox mediator and being of sufficient type and in sufficient 
amount to provide and maintain a pH at which the enzyme catalyzes the reaction involving enzyme, 
analyte and a) oxidized or b) reduced form of the redox mediator. 

15. The reagent of claim 14, wherein the reagent further comprises at least one additional enzyme and an 
additional redox mediator. 

16. The reagent of claim 14, further comprising: 

a microcrystalline material of sufficient type and in sufficient amount to disperse the redox mediator in 
the reagent. 

17. The reagent of claim 16, further comprising: 

a surfactant of sufficient type and in sufficient amount to aid in wetting the reagent by a fluid sample 
containing the analyte. 

1a The reagent of claim 17, further comprising: 

a reagent stabilizer of sufficient type and in sufficient amount to stabilize the reagent. 

19. The reagent of claim 18, wherein the analyte is glucose, the oxidized form of the redox mediator is 
ferricyanide. the buffer is phosphate, the microcrystalline material includes microcrystalline cellulose 
and microcrystalline hydroxyelhylcellulose, the enzyme is glucose oxidase, the surfactant is a non-ionic 
surfactant, and the reagent stabilizer is selected from a group consisting of glutamate, aspartate, blue 
dextran and trehalose. 
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20. The reagent of claim 14, wherein it comprises for the analysis of glucose 

a from about 1.1 to about 1.5 millimoles ferricyanide per gram of reagent; 

b. from about 1:3 to about 1.9 millimoles phosphate buffer per gram of reagent; 

c. from about 2,300 to about 1 0,400 units of glucose oxidase per gram of reagent; 

5 d. from about 50 to about 71 milligrams macrocrystalline cellulose per gram of reagent: 

e. from about 2 to about 3 milligrams macrocrystalline hydroxyethylcellulose per gram of reagent; 

f. from about 2 to about 3 milligrams non-ionic surfactant per gram of reagent; and 

g. from about 71 to about 102 milligrams glutamate per gram of reagent. 

70 21. A method of determining the concentration of an analyte in a fluid, comprising the steps of: 

a. contacting the fluid with a reagent that covers surface areas of a pair of electrodes consisting of 
working and counter electrodes wherein the reagent covers substantially equal surface areas of said 
working and counter electrodes or a smaller surface area of the counter electrode than of the 

. working electrode and includes a) the oxidized or b) the reduced form of a redox mediator, an 
75 . enzyme, and a buffer, 

; the a) oxidized or b) reduced form of the redox mediator being of sufficient type to a) receive or b) 
donate at least one electron from a reaction involving enzyme, analyte, and a) oxidized or b) 
reduced form of the redox mediator and being in sufficient amount to insure that current produced 
by diffusion limited a) electrooxidation or b) electroreduction is limited by a) the oxidation of the 
20 reduced form, or b) the reduction of the. oxidized form of the redox mediator at the working electrode 

surface, . 

the enzyme being of sufficient type and in sufficient amount to catalyze the reaction involving 
enzyme, analyte, and the a) oxidized or b) reduced form of the redox mediator, and 
the buffer having a) a higher oxidation potential than the reduced form or b) a lower reduction 
25 potential than the oxidized form of the redox mediator and being of sufficient type and in sufficient 

amount to provide and maintain a pH at which the enzyme catalyzes the reaction involving enzyme, 
analyte, and the a) oxidized or b) reduced form of the redox mediator; 

b. allowing the reaction involving the enzyme, analyte, and the a) oxidized or b) reduced form of the 
redox mediator to go to completion; 

30 c. subsequently applying a potential difference between the electrodes sufficient to cause diffusion 

limited a) electrooxidation of the reduced form or b) electroreduction of the oxidized form of the 
redox mediator at the surface of the working electrode; 

d. thereafter measuring the resulting diffusion limited current; and 

e. correlating the current measurement to the concentration of the analyte in the fluid. 

35 

22. The method of claim 21 , wherein the reagent further includes at least one additional enzyme and an 
additional redox mediator. 

2a The method of claim 21, wherein the reagent further includes a microcrystalline material of sufficient 
40 type and in sufficient amount to disperse the redox mediator in the reagent. 

24. The method of claim 23. wherein the reagent further includes a surfactant of sufficient type and in 
sufficient amount to aid in wetting the reagent upon contact with the fluid, and 

a reagent stabilizer of sufficient type and in sufficient amount to stabilize the. reagent. 

45 

25. The method of claim 24, wherein the analyte is glucose, the oxidized form of the redox mediator is 
ferricyanide, the buffer is phosphate, the microcrystalline material includes microcrystalline cellulose 
and microcrystalline hydroxyethylcellulose, the enzyme is glucose oxidase, the surfactant is a non-ionic 
surfactant, and the reagent stabilizer is selected from a group consisting of glutamate, aspartate, blue 

so dextran, and trehalose. 

26. The method of claim 21. wherein the analyte is glucose and wherein the reagent includes from about 
1.1 to about 1.5 millimoles ferricyanide per gram of reagenl, 

from about 1.3 lo about 1.9 millimoles phosphate buffer per gram of reagent; 
55 from about 2,300 to about 10,400 units of glucose oxidase per gram of reagent; 

from about 50 to about 71 milligrams microcrystalline cellulose per gram of reagent; 

from about 2 to about 3 milligrams microcrystalline hydroxyethylcellulose per gram of reagent; 

from about 71 to about 102 milligrams glutamate per gram of reagent; 
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b. allowing the reaction involving the enzyme, analyte, and the oxidized form of the redox mediator 
to go to completion; 

c. subsequently applying a potential difference between the electrodes sufficient to cause diffusion 
5 . limited electrooxidation of the reduced form of the redox mediator at the surface of the working 

electrode; 

d. thereafter measuring the resulting diffusion limited current; and 

e. correlating the current measurement to the concentration of glucose in the fluid. 

70 Patentanspruche 

1. Vorrichtung zur Analyse eines Analyten, umfassend: 

a) einen ersten elektrischen Isolator 

b) ein Elektrodenpaar, bestehend aus Arbeits- und Gegenelektrode von im wesentlichen gleicher 
75 GroBe Oder aus einer Arbeitselektrode und einer Gegenelektrode, die kleiner ist als die Arbeitselek- 

trode, wobei die Elektroden aus den gleichen elektrisch leitenden Materialien gefertigt sind und von 
dem ersten elektrischen Isolator getragen werden; 

c) einen zweiten elektrischen Isolator, der iiber dem ersten elektrischen Isolator und den Elektroden 
Hegt und einen Ausschnitteil enthalt, welcher im wesentlichen gleiche Oberflachen von Arbeits- und 

20 Gegenelektrode freilaBt oder eine kleinere Oberflache von der Gegenelektrode als von der Arbeits- 

elektrode; und 

d) ein Reagens, das im wesentlichen die freiliegenden Elektrodenoberflachen im Ausschnitteil 
bedeckt und a) die oxiderte oder b) die reduzierte Form eines Redoxvermittlers. ein Enzym und 
einen Puffer umfaBt; 

25 wobei a) die oxidierte Form oder b) die reduzierte Form des Redoxvermittlers von angemessener Art 

ist, urn wenigstens ein Elektron. a) aufzunehmen oder b) abzugeben bei einer Reaktion, an der 
Erizym, Analyt und a) die oxidierte oder b) die reduzierte Form des Redoxvermittlers beteiligt sind, 
und von ausreichender Menge ist, urn sicherzustellen, daB der durch diffusionsbegrenzte a) Elektro^ 
oxidation oder b) Elektroreduktion erzeugte Strom begrenzt wird durch a) die Oxidation der 

30 reduzierten Form oder b) die Reduktion der oxidierten Form des Redoxvermittlers ah der Oberflache 

der Arbeitselektrode; 

wobei das Enzym von angemessener Art und in ausreichender Menge ist, urn die Reaktion zu 
katalysieren, an der Enzym, Analyt und a) die oxidierte oder b) die reduzierte Form des Redoxver- 
mittlers beteiligt sind; und 

35 wobei der Puffer a) ein hoheres Oxidationspotential als die reduzierte Form des Redoxvermittlers 

Oder b) ein niedrigeres Reduktionspotential als die oxidierte Form des Redoxvermittlers aufweist und 
von angemessener Art und in ausreichender Menge ist, urn einen pH zu ergeben und aufrechtzuer- 
halten, bei dem das Enzym die Reaktion katalysiert, an der Enzym, Analyt und a) die oxidierte oder 
b) die reduzierte Form des Redoxvermittlers beteiligt sind. 

40 

2. Vorrichtung nach Anspruch 1, wobei das Reagens des weiteren einen mikrokristallinen Stoff von 
angemessener Art und in ausreichender Menge umfaBt, urn den Redoxvermittler im Reagens zu 
dispergieren. 

45 3. Vorrichtung nach Anspruch 1, wobei das Reagens des weiteren wenigstens ein zusatzliches Enzym 
und einen zusatzlichen Redoxvermittler umfaBt. 

4. Vorrichtung nach Anspruch 1, wobei das elektrisch leitende Material von Arbeits- und Gegenelektrode 
ausgewahtt ist aus einer Gruppe bestehend aus Palladium, Platin, Gold. Silber, Titan, Kupfer und 

so Kohlenstoff. 

5. Vorrichtung nach Anspruch 2, wobei das Reagens des weiteren ein Tensid von angemessener Art und 
in ausreichender Menge umfaBt, urn die Benetzung des Reagens durch eine den Analyten enthaltende 
flussige Probe zu unterstutzen. 

55 • 

6. Vorrichtung nach Anspruch 5, wobei das Reagens des weiteren einen Reagensstabilisator von ange- 
messener Art und rn ausreichender Menge umfaBt, urn das Reagens zu stabilisieren. 
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7. Vorrichtung nach Anspruch 1, wobei der Anaryt Glucose ist, die oxidierte Form des Redoxvermittlers 
Cyanoferrat(lll) 1st und das Enzym Glucoseoxidase ist. 

a Vorrichtung nach Anspruch 2, wobei der Analyt Glucose ist, die oxidierte Form des Redoxvermittlers 
5 Cyanoferrat(M) ist und das Enzym Glucoseoxidase ist. 

9. Vorrichtung nach Anspruch 6, wobei der Analyt Glucose ist, die oxidierte Form des Redoxvermittlers 
Cyanoferral(lll) ist, der Puffer Phosphat ist, der mikrokristalline Stoff mikrokristalline Cellulose und 
mikrokristalline Hydroxyethylcellulose einschlieBt, das Enzym Glucoseoxidase ist, das Tensid ein 
w nichtionisches Tensid ist und der Reagensstabilisator ausgewahlt ist aus einer Gruppe bestehend aus 
Glutamat, Aspartat, Blaudextran und Trehalose. 

Vorrichtung nach Anspruch 1, wobei das Elektrodenpaar aus Palladium ist und das Reagens zur 
Analyse von Glucose umfaBt: 

1) etwa 1,1 bis etwa 1,5 Millimol Cyanoferrat(lll) pro Gramm Reagens, 

2) etwa 1,3 bis etwa 1,9 Millimol Phosphat-Putfer pro Gramm Reagens, 

3) etwa 2300 bis etwa 10 400 Einheiten Glucoseoxidase pro Gramm Reagens, 

4) etwa 50 bis etwa 71 Milligram rn mikrokristalline Cellulose pro Gramm Reagens, 

5) etwa 2 bis etwa 3 Milligramm mikrokristalline Hydroxyethylcellulose pro Gramm Reagens, 

6) etwa 2 bis etwa 3 Milligramm nichtionisches Tensid pro Gramm Reagens, und 

7) etwa 71 bis etwa 102 Milligramm Glutamat pro Gramm Reagens. 

. 11. Vorrichtung nach Anspruch 1, des weiteren umfassend: 

e) eine Stromquelle, die in elektrischer Verbindung mit Arbeits- und Gegenelektrode stent und 
25 imstande ist, eine elektrische Potentialdifferenz zwischen Arbeits- und Gegenelektrode zu liefern, 

welche ausreicht, um a) eine diffusionsbegrenzte Elektrooxidation der reduzierten Form des Redox- 
vermittlers an der Oberflache der Arbeitselektrode oder b) eine diffusionsbegrenzte Elektroreduktion 
der oxidierten Form des Redoxvermittlers an der Oberflache der Arbeitselektrpde zu bewirken; und 

f) ein MeBgerat, das in elektrischer Verbindung mit Arbeits- und Gegenelektrode steht und imstande 
so ist, den diffusionsbegrenzten Strom zu messen, der erzeugt wird durch a) die Oxidation der 

reduzierten Form des Redoxvermittlers oder b) die Reduktion der oxidierten Form des Redoxvermitt- 
lers an der Oberflache der Arbeitselektrode. 

12. Vorrichtung nach Anspruch 7, des weiteren umfassend: 

e) eine Stromquelle, die in elektrischer Verbindung mit Arbeits- und Gegenelektrode steht und 
imstande ist, eine elektrische Potentialdifferenz zwischen Arbeits- und Gegenelektrode zu liefern, 
welche ausreicht, um eine diffusionsbegrenzte Elektrooxidation der reduzierten Form des Redoxver- 
mittlers an der Oberflache der Arbeitselektrode zu bewirken; und 

f) ein MeBgerat, das in elektrischer Verbindung mit Arbeits- und Gegenelektrode steht und imstande 
ist, den diffusionsbegrenzten Strom zu messen, der durch die Oxidation der reduzierten Form des 
Redoxvermittlers an der Oberflache dem Arbeitselektrode erzeugt wird. 

Vorrichtung nach Anspruch 10, wobei der zweite elektrische Isolator des weiteren einen zusatzlichen 
Ausschnitteil enthalt, der Teile von Arbeits- und Gegenelektrode freila'Bt, und die Vorrichtung des 
weiteren umfaBt: 

e) eine Stromquelle, die in elektrischer Verbindung mit Arbeits- und Gegenelektrode am zusatzlichen 
Ausschnitteil steht, wobei die Stromquelle imstande ist, eine elektrische Potentialdifferenz zwischen 
Arbeits- und Gegenelektrode zu liefern, welche ausreicht, um eine diffusionsbegrenzte Elektrooxida- 
tion der reduzierten Form des Cyanoferrat(lll) an der Oberflache der Arbeitselektrode zu bewirken; 
und . 

f) ein MeBgerat. das in elektrischer Verbindung mit Arbeits- und Gegenelektrode steht und imstande 
ist, den diffusionsbegrenzten Strom zu messen, der durch die Oxidation der reduzierten Form des 
Cyanolerrat(lll) an der Oberflache der Arbeitselektrode erzeugt wird. 

55 14. Reagens, das eingebracht ist in den Ausschnitteil einer elektrochemischen Vorrichtung nach einem der 
vorstehenden Anspruche, umfassend: 

a) die oxidierte Oder b) die reduzierle Form eines Redoxverrmtllers, ein Enzym und einen Puffer, 

a) die oxidierte Oder b) die reduzierte Form des Redoxvermittlers. von angemessener Art ist, um 
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wenigstens ein Elektron a) aufzunehmen oder b) abzugeben bei einer Reaktion, an der Enzym, 
Analyt und a) die oxidierte oder b) die reduzierte Form des Redoxverrhittlers beteiligt sind, und in 
ausreichender Mehge 1st, um sicherzustellen, daB der durch diffusionsbegrenzte a) Elektrooxidation 
oder b) Elektroreduktion erzeugte Strom begrenzt wird durch a) die Oxidation der reduzierten Form 
5 oder b) die Reduktion der oxidierten Form des Redoxyermittlers an der Oberflache der Arbeitselek- 

trode; 

das Enzym, von angemessener Art und in ausreichender Menge ist, urn die Reaktion zu katarysie- 
ren, an der Enzym, Anaryt und a) die oxidierte oder b) die reduzierte Form des Redoxvermittlers 
beteiligt sind; und 

w der Puffer, a) ein hoheres Oxidationspotentia) a1s die reduzierte Form des Redoxvermittlers oder b) 

ein niedrigeres Reduktionspotential als die oxidierte Form des Redoxvermittlers aufweist und von 
angemessener Art und in ausreichender Menge ist, urn einen pH zu ergeben und aufrechtzuerbalten, 
bei dem das Enzym die Reaktion katalysiert, an der Enzym, Analyt und a) die oxidierte oder b) die 
reduzierte Form des Redoxvermittlers beteiligt sind. 

15. Reagens nach Anspruch 14, wobei das Reagens des weiteren wenigstens ein zusatzliches Enzym und 
einen zusatzlichen Redoxvermittler umfaBt. . . 

16. Reagens nach Anspruch 14, des weiteren umfassend: einen mikrokristaUinen Stoff von angemessener 
20 Art und in ausreichender Menge, urn den Redoxvermittler im Reagens zu dispergieren. 

17. Reagens nach Anspruch 16, des weiteren umfassend: ein Tensid von angemessener Art und in 
ausreichender Menge, urn die Benetzung des Reagens durch eine den Analyten enthaltende fIDssige 
Probe zu unterstutzen. 

25 

ia Reagens nach Anspruch 17, des weiteren umfassend: einen Reagensstabilisator von: angemessener Art 
und in ausreichender Menge, urn das Reagens zu stabilisieren. 

19. Reagens nach Anspruch 18, wobei der Analyt Glucose ist, die oxidierte Form des Redoxvermittlers 
30 Cyanoterrat(lll) ist, der Puffer Phosphat ist, der mikrokristalline Stoff mikrokristalline Cellulose und 
mikrokristalline Hydroxyethylcellulose einschlieBt, das Enzym Glucoseoxidase ist; das Tensid ein 
nichtionisches Tensid ist und der Reagensstabilisator ausgewahlt ist aus einer Gruppe bestehend aus 
Glutamat, Aspartat, Blaudextran und Trehalose. 

35 20. Reagens nach Anspruch 14, wobei es zur Analyse von Glucose umfaBt: 

a) etwa 1,1 bis etwa 1,5 Millimol Cyanoferrat(lll) pro Gramm Reagens; 

b) etwa 1,3 bis etwa 1,9 Millimol Phosphat- Puffer pro Gramm Reagens; 

c) etwa 2300 bis etwa 10 400 EinheHen Glucoseoxidase pro Gramm Reagens; 

d) etwa 50 bis etwa 71 Milligramm mikrokristaHine Cellulose pro Gramm Reagens, 

ao e) etwa 2 bis etwa 3 Milligramm mikrokristalline Hydroxyethylcellulose pro Gramm Reagens; 

f) etwa 2 bis etwa 3 Milligramm nichtionisches Tensid pro Gramm Reagens; und 

g) etwa 71 bis etwa 102 Milligramm Glutamat pro Gramm Reagens. 

21. Verfahren zur Bestimmung der Konzentration eines Anaryten in einer Flussigkeit, umfassend die 
45 Schritle: 

a) Zusammenbringen der Flussigkeit mit einem Reagens, das Oberf lachen eines Elektrodenpaars, 
bestehend aus Arbeits- und Gegenelektrode, bedeckt, wobei das Reagens im wesentlichen gleich- 
grofie Flachen der Oberflachen der genannten Arbeits- und Gegenelektrode bedeckt oder eine 
kleinere Flache.der Oberflache an der Gegenelektrode als an der Arbeitselektrode, und a) die 

50 oxidierte oder b) die reduzierte Form eines Redoxvermittlers, ein Enzym und einen Puffer enthalt; 

wobei a) die oxidierte oder b) die reduzierte Form des Redoxvermittlers von angemessener Art ist, 
um wenigstens ein Elektron a) aufzunehmen oder b) abzugeben bei einer Reaktion, an der Enzym, 
AnaJyt und a) die oxidierte oder b) die reduzierte Form des Redoxvermittlers beteiligt sind, und von 
ausreichender Menge ist, um sicherzustellen, daB der durch diffusionsbegrenzte a) Elektrooxidation 

55 oder b) Elektroreduktion erzeugte Strom begrenzt wird durch a) die Oxidation der reduzierten Form 

oder b) die Reduktion der oxidierten Form des Redoxvermittlers an der Oberflache der Arbeitselek- 
trode; 

wobei das Enzym von angemessener Ait und in ausreichender Menge ist, um die Reaktion zu 
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katalysieren. an der Enzym, Analyt und a) die oxidierte oder b) die reduzierte Form des Redoxver- 
mittlers beteiligt sind; und ' . • .... _ 
wobei der PuHer a) ein hoheres Oxidationspotential als die reduzierte Form des Redoxverm.ttlers 
Oder b) ein niedrigeres Reduktionspotehtial als die oxidierte Form des Redoxvermittlers aufwetst und 
von angemessener Art und in ausreichender Menge ist. urn einen pH zu ergeben und aufrechtzuer- 
halten. bei dem das Enzym die Reaktion katalysiert, an der Enzym, Analyt und a) die ox.d,erte Oder 
b) die reduzierte Forni des Redoxvermittlers beteiligt sind; 

b) Ablaufenlassen der Reaktion. an der Enzym. Analyt und a) die oxidierte oder b) die reduz,erte 
Form des Redoxvermittlers beteiligt sind. bis zur Vollstandigkeit; 

c) anschlieBendes Anlegen einer Potentialdifferenz zwischen den Elektroden. die ausreicht, urn e.ne 
diffusibnsbegrenzte a) Elektrooxidation der reduzierten Form oder b) ElektroredukUon der ox.d.erten 
Form des Redoxvermittlers an der Obertlache der Arbeilselektrode zu bewirken; 

d) darauttolgendes Messen des resultierenden diffusionsbegrenzten Stroms; und 

. e) Korrelieren der Strommessung mit der Konzentration des Analyten in der Flussigke.t. 

22. verfahren nach Anspruch 21, wobei das Reagens des weiteren wenigstens ein zusatzliches Enzym und 
einen zusatzlichen Redoxvermittler enthalt. 

23. Verfahren nach Anspruch 21. wobei das Reagens des weiteren einen mikrokristallinen Stoff von 
angemessener Art und in ausreichender Menge enthalt. urn den Redoxvermittler im Reagens zu 
dispergieren. 

24 Verfahren nach Anspruch 23. wobei das Reagens des weiteren ein Tensid von angemessener Art und 
in ausreichender Menge enthalt. urn die Benetzung des Reagens bei Bertihrung mit der F'dss.gke.t zu 
unterstutzen. und einen Reagensstabilisator von angemessener Art und in ausre.chender Menge 
enthalt, urn das Reagens zu stabilisieren. 

25. Verfahren nach Anspruch 24, wobei der Analyt Glucose ist. die oxidierte Form des Redoxvermittlers 
Cyanoferrat(lll) ist, der Puffer Phosphat ist. der mikrokristalline Stofl mikrokristall.ne Cellulose und 
mikrokristalline Hydroxyethylcellulose einschlieBt. das Enzym Glucoseoxidase ist. das Tens.d e.n 
nichtionisches Tensid ist und der Reagensstabilisator ausgewahlt ist aus einer Gruppe bestehend aus 
Glutamat, Aspartat, Blaudextran und Trehalose. 

26. Verfahren nach Anspruch 21, wobei der Analyt Glucose ist und das Reagens von Schritt a 
etwa 1,1 bis etwa 1,5 Millimol Cyanoferrat(lll) pro Gramm Reagens; 

etwa 1,3 bis etwa 1 ,9 Millimol Phosphat-Puffer pro Gramm Reagens; 

etwa 2300 bis etwa 10 .400 Einheiten Glucoseoxidase pro Gramm Reagens; 

etwa 50 bis etwa 71 Milligramm mikrokristalline Cellulose pro Gramm Reagens, 

etwa 2 bis etwa 3 Milligramm mikrokristalline Hydroxyethylcellulose pro Gramm Reagens; 

etwa 71 bis etwa 102 Milligramm Glutamat pro Gramm Reagens; 

enthalt 

b) Ablaufenlassen der Reaktion.an der Enzym, Analyt und die oxidierte Form des Redoxvermittlers 
beteiligt sind, bis zur Vollstandigkeit; t 

c) anschlieBendes Anlegen einer Potentialdifferenz zwischen den Elektroden, d,e ausre.cht, urn e.ne 
diffusionsbegrenzte Elektrooxidation der reduzierten Form des Redoxvermittlers an der Obertlache 
der Arbeitselektrode zu bewirken; 

d) darauffolgendes Messen des resultierenden diffusionsbegrenzten Stroms; und 

e) Korrelieren der Strommessung mit der Konzentration der Glucose in der Flussigke.t. 

Revendications 

1. Dispositif pour Tanalyse d*un analyte. comprenant : 
a. un premier isolant electrique ; 

b une paire d'electrodes constitute par des electrodes de travail et antagoniste ayant essent.elle- 
ment la meme faille, on par une electrode de travail et une electrode antagoniste qui est plus pet.te 
que I'electrode de travail, les electrodes etant formees des memes mateiiaux conducteurs electn- 
ques et portees par le premier isolant electrique ; 
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c. un second isolant electrique, recouvrant le premier isolant electrique et les electrodes et 
comprenant une partie decoupee qui expose essentiellement des superficies egales des electrodes 
de travail et antagoniste ou une superficie de . Pelectrode antagoniste plus petite que celle de 
Electrode de travail ; et 

5 d. un reactif, couvrant essentiellement les surfaces d'electrodes exposees dans la partie decoupee 

et comprenant la forme a) oxydee ou b) reduite d'un mediateur redox, une enzyme et un tampon, 
la forme a) oxydee ou b) reduite du mediateur redox etant d'un type capable de a) recevoir ou b) 
donner au moins un electron a partir d'une reaction impliquant une enzyme, un analyte, et la forme 
a) oxydee ou b) reduite du mediateur redox et en quantity suffisante pour assurer que le courant 

io produit par une a) electrooxydation ou b) une electroreduction a diffusion limitee est limits par a) 

Poxydation de la forme reduite ou b) la reduction de la forme oxydee du mediateur redox a la 
surface de Pelectrode de travail, . 

Penzyme etant d'un type capable de, et en une quantite\ suffisante pour, catalyser la reaction 
impliquant Penzyme, Panalyte et la forme a) oxydee ou b) reduite du mediateur redox, et 
is le tampon ayant a) un potential d'oxydation supe*rieur a celui de la forme reduite du mediateur redox 

ou b) ayant un potentiel de reduction inferieur a celui de la forme oxydee du mediateur redox et 
etant d'un type capable de, et en quantite suffisante pour, fournir et maintenir un pH auquel 
Penzyme catalyse la reaction impliquant Penzyme, Panalyte et la forme a) oxydee ou b) reduite du 
mediateur redox. . 

20 

2. Dispositif selon la revendication 1, dans lequel te reactif comprend en outre un materiau microcristaHin 
d'un type capable de, et en quantite suffisante pour, disperser le mediateur redox dans le reactif. 

3. Dispositif selon la revendication 1, dans lequel le reactif comprend en outre au moins une enzyme 
25 supplemental et un mediateur redox supplemental. 

4. Dispositif selon la revendication 1, dans lequel le materiau conducteur electrique des electrodes de 
travail et antagoniste est choisi dans un groupe constitue par le palladium, le platine, Por, Pargent, le 
titane, le cuivre et le carbone. 

30 

5. Dispositif selon la revendication 2, dans lequel le reactif comprend en outre un tensioactif d'un type 
capable de, et en quantite suffisante pour, aider un echantillon liquide contenant I'analyte a mouiller le 
reactif. 

35 6. Dispositif selon la revendication 5, dans lequel le reactif comprend en outre un stabilisant de reactif 
d'un type capable de, et en quantite suffisante pour, stabiliser le reactif, 

7. Dispositif selon la revendication 1, dans lequel P analyte est du glucose, la forme oxydee du mediateur 
redox est du ferricyanure et Penzyme est la glucose oxydase. 

40 

a Dispositif selon la revendication 2, dans lequel Panalyte est du glucose, la forme oxydee du mediateur 
redox est du ferricyanure et Penzyme est la glucose oxydase. 

9. Dispositif selon la revendication 6, dans lequel Panalyte est du glucose, la forme oxydee du mediateur 
45 redox est du ferricyanure, le tampon est du phosphate, le materiau microcristaHin comprend de la 

cellulose microcristalline et de Phydroxyethylcellulose microcristalline, Penzyme est la glucose oxydase, 
le tensioactif est un tensioactif non ionique et le stabilisant de reactif est choisi dans un groupe 
constitue par du glutamate, de P aspartate, du dextrane bleu et du trehalose. 

so 10v Dispositif selon la revendication 1, dans lequel la paire d'electrodes est constitute de palladium et le 
reactif comprend, pour Panalyse de glucose : 

t) environ 1,1 a environ 1,5 millirnole de ferricyanure par gramme de reactif, 

2) environ 1,3 a environ 1 .9 millirnole de tampon phosphate par gramme de reactif, 

3) environ 2300 a environ 10 400 unites de glucose oxydase par gramme de reactif, 

55 4) environ 50 a environ 71 milligrammes de cellulose microcristalline par gramme de reactif, 

5) environ 2 a environ 3 milligrammes d'hydroxyethylcellulose microcristalline par gramme de . 
reactil, 

6) environ 2 a environ 3 milligrammes de tensioactif non ionique par gramme de reactif. et 
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7) environ 71 a environ 102 milligrammes de glutamate par gramme de reactif. 

11. Dispositif selon la revendication 1, comprenant en outre : 

e. une source d'energie reliee electriquement avec les electrodes de travail et antagoniste et 
5 capable de fournir une difference de potentiel electrique entre les electrodes de travail et antagonis- 
te suffisante pour provoquer a) Pelectrooxydation a diffusion limitee de la forme reduite du mediateur 
redox a la surlace de Pelectrode de travail ou b) Pelectroreduction a diffusion limitee de la forme 
oxydee du mediateur redox a la surface de Pelectrode de travail : et 

f. un appareil de mesure relie electriquement avec les electrodes de travail et antagoniste et capable 
70 de mesurer le courant a diffusion limite produit par a) I'oxydation de la forme reduite ou b) la 

reduction de la forme oxydee du mediateur redox a la surface de Pelectrode de travail. 

12. dispositif selon la revendication 7, comprehant en outre : 

e. une source d'energie reliee electriquement avec les electrodes de travail et antagoniste et 
75 capable de fournir une difference de potentiel electrique entre les electrodes de travail et antagonis- 
te suffisante pour provoquer Telectrooxydation a diffusion limitee de la forme reduite du mediateur 
redox a la surface de Pelectrode de travail ; et 

f. un appareil de mesure retie" electriquement avec les electrodes de travail et antagoniste et capable 
de mesurer le courant a diffusion limite produit par I'oxydation de la forme reduite du mediateur 

20 redox a la surface de Pelectrode de travail. 

13. Dispositif selon la revendication 10, dans lequel le second isolant electrique comprend en outre une 
partie decoupee supplemental exposant des parties des electrodes de travail et antagoniste, le 
dispositif comprenant en outre : 

25 e. une source d'energie reliee electriquement avec les electrodes de travail et antagoniste au niveau 

de la partie decoupee supplemental, la source d'energie etant capable de fournir une difference de 
potentiel electrique entre les electrodes de travail et antagoniste suffisante pour provoquer Pelec- 
trooxydation a diffusion limitee de la forme reduite du ferricyanure a la surface de Pelectrode de 
travail ; et 

30 f. un appareil de mesure relie electriquement avec les electrodes de travail et antagoniste et capable 

de mesurer le courant a diffusion limite produit par Poxydatipn de la forme reduite du ferricyanure a 
la surface de Pelectrode de travail. 

14. Reactif incorpore dans la partie decoupee d'un dispositif electrochimique selon Pune quelconque des 
35 revendications precedentes, comprenant : 

la forme a) oxydee ou b) reduite d'un mediateur redox, une enzyme et un tampon, 
la forme a) oxydee ou b) reduite du mediateur redox etant d'un type capable de a) recevoir ou b) 
donner au moins un electron a partir d'une reaction impliquant une enzyme, un analyte, et la forme a) 
oxydee ou b) reduite du mediateur redox et en quantitie suffisante pour assurer que le courant produit 

40 par line a) electrooxydation a diffusion limitee ou b) une electroreduction a diffusion limitee est limite 
par a) Poxydation de la forme reduite ou b) la reduction de la forme oxydee du mediateur redox a la 
surface de Pelectrode de travail, 

Penzyme etant d'un type capable de, et en une quantite suffisante pour catalyser la reaction 
impliquant Penzyme, Panalyte et la forme a) oxydee ou b) reduite du mediateur redox, et 

. 45 le tampon ayant a) un potentiel d'oxydation superieur a celui de la forme reduite du mediateur 

redox ou b) un potentiel de reduction inferieur a celui de la forme oxydee du mediateur redox et etant 
d'un type capable de, et en quantite suffisante pour, fournir et maintenir un pH permettant a Penzyme 
de catalyser la reaction impliquant Penzyme, Panalyte et la forme a) oxydee ou b) reduite du mediateur 
redox. 

50 

15. Reactif selon la revendication 14, dans lequel le reactif comprend en outre au moins une enzyme 
supplemental et un mediateur redox supple mentaire. 

16. Reactif selon la revendication 14, comprenant en outre : 

55 un materiau microcristallin d'un type capable de, et en quantite suffisante pour, disperser le mediateur 

redox dans le reactif. 
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17. Reactif selon la revendication 16, comprenant en outre : 

un tensioactif d'un type capable de, et en quantite suffisante pour, aider un echantillon llquide 
contenant Tanalyte a mbuiller le reactif. 

5 18. Reactif seton la revendication 17, comprenant en outre : 

un stabilisant de reactif d'un type capable de, et en quantity suffisante pour, stabiliser le reactif. 

19. Reactif selon la revendication 18. dans lequel I'analyte est du glucose, la forme oxydee du mediateur 
redox est du ferricyanure, le tampon est du phosphate, le materiau microcristallin comprend de la 

70 cellulose microcristalline et de I'hydroxyethylcetlulose microcristalline, I'enzyme est la glucose oxydase, 
le tensioactif est un tensioactif non ionique et le stabirisant de reactif est choisi dans un groupe 
constitue par du glutamate. de I'aspartate, du dextrane bleu et du trehalose. 

20. Reactif selon la revendication 14, dans lequel celui-ct comprend en outre, pour I'analyse de glucose : 
15 a. environ 1,1 a environ 1,5 millimole de ferricyanure par gramme de reactif, 

b. environ 1,3 a environ 1 ,9 millimole de tampon phosphate par gramme de reactif, 

c. environ 2300 a environ 10 400 unites de glucose oxydase par gramme de reactif, 

d. environ 50 a environ 71 milligrammes de cellulose microcristalline par gramme de reactif, 

e. environ 2 a environ 3 milligrammes d'hydroxyethylcellulose microcristalline par gramme de 

20 reactif, , . 

f. environ 2 a environ 3 milligrammes de tensioactif non ionique par gramme de reactif, et 

g. environ 71 a environ 102 milligrammes de glutamate par gramme de reactif. 

21. Procede de determination de la concentration d'un analyte dans un liquide. comprenant les etapes 
25 consistent a : 

a. mettre en contact le liquide avec un reactif qui couvre la superficie d'une paire d'electrodes 
constitute par des electrodes de travail et antagoniste, dans lequel le reactif couvre essentiellement 
des superficies egales desdites electrodes de travail et antagoniste, ou une superficie de I'electrode 
antagoniste inlerieure a celle de I'electrode de travail, et comprend la forme a) oxydee ou b) reduite 

30 d'uri mediateur redox, une enzyme et un tampon, 

la forme a) oxydee ou b) reduite du mediateur redox etant d'un type capable de a) recevoir ou b) 
donner au rnoiris un electron a partir d'une reaction impliquant une enzyme, un analyte, et la forme 
a) oxydee ou b) reduite du mediateur redox, et en quantite suffisante pour assurer que le courant 
produit par une a) electrooxydation a diffusion limitee ou b) une electroreduction a diffusion limitee 

35 est limite par a) I'oxydation de la forme reduite ou b) la reduction de la forme oxydee du mediateur 

redox a la surface de I'electrode de travail, 

I'enzyme etant d'un type capable de, et en une quantite suffisante pour, cataryser la reaction 
impliquant I'enzyme, I'analyte et la forme a) oxydee ou b) reduite du mediateur redox, et 
le tampon ayant a) un potentiel d'oxydation superieur a celui de la forme reduite du mediateur redox 
.40 ou b) ayant un potentiel de reduction inferieur a celui de la forme oxydee du mediateur redox et 

etant d'un type capable de. et en quantite suffisante pour, foumir et maintenir un pH auquel 
I'enzyme catalyse la reaction impliquant I'enzyme, I'analyte et la forme a) oxydee ou b) reduite du 
mediateur redox, 

b. permettre que la reaction impliquant I'enzyme. I'analyte et la forme a) oxydee ou b) reduite du 
45 mediateur redox soit menee a son terme ; 

c. appliquer ensuite entre les electrodes une difference de potentiel qui soit suffisante pour 
provoquer a) I'electrooxydation a diffusion limitee de la forme reduite du mediateur redox ou b) 
I'electroreduction a diffusion limitee de la forme oxydee du mediateur redox a la surface de 
I'electrode de travail ; 

50 d. mesurer ensuite le courant a diffusion limitee produit ; et 

e. etablir une correlation entre la mesure du courant et la concentration de I'analyte dans le liquide. 

2Z Procede selon la revendication 21 , dans lequel le reactif comprend en outre au moins une enzyme 
supplemental et un mediateur redox supplemental. 

55 

23. Procede selon la revendication 21, dans lequel le reactif comprend en outre un materiau microcristallin 
d'un type capable de, et en quantite suffisante pour, disperser le mediateur redox dans le reactil. 
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24. Procede selon la revendication 23, dans lequel le reactif comprend en outre un tensioactif d*un type 
capable de, et en quantite suffisante pour, aider le liquide a mouiller par contact le reactif. et 

un stabilisant de reactif d'un type capable de, et en quantite suffisante pour, stabiliser le reactif. 

25. Procede* selon la revendication 24, dans lequel I'analyte est du glucose, la forme oxydee du mediateur 
redox est du ferricyanure, le tampon est du phosphate, le materiau microcrtstallin comprend de la 
cellulose microcristailine et de rhydroxyethylcellulose microcristalline, Tenzyme est la glucose oxydase, 
le tensioactif est un tensioactif non ionique et le stabilisant de reactif est chotsi dans un groupe 
constitue par du glutamate, de Taspartate, du dextrane bleu et du trehalose. 

26. Procede selon la revendication 21, dans lequel I'analyte est le glucose et le reactif comprend 

environ 1,1 a environ 1,5 millimole de ferricyanure par gramme de reactif, environ 1,3 a environ 1,9 
millimole de tampon phosphate par gramme de reactif, environ 2300 a environ 10 400 unites de 
glucose oxydase par gramme de 
reactif, 

environ 50 a environ 71 milligrammes de cellulose microcristalline par gramme 
de reactif. 

environ 2 a environ 3 milligrammes de rhydroxyethylcellulose microcristalline par gramme de reactif, et 
environ 71 a environ 102 milligrammes de glutamate par gramme de reactif, le procede comprenant 

b. permettre que. la reaction impliquant Tenzyme, Tanalyte et la forme oxydee du mediateur redox 
soil menee a son terme ; 

c. appliquer ensuite entre les electrodes une difference de potenliel qui soit suffisante pour 
provoquer Telectrooxydation a diffusion limitee de la forme reduite du mediateur redox a la surface 
de Telectrode de travail ; 

d. mesurer ensuite le courant a diffusion limitee produit ; et 

e. etablir une correlation entre la mesure du courant et la concentration de Tanalyte dans le liquide. 
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